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http:WHAT THIS PAPER ADDS
This study adds information on the behavior of type 2 endoleaks. The presence of a type 2 endoleak is asso-
ciated with decreased surface movement of the proximal anchoring zone and the distal modular limb of
bifurcated stent grafts, which is associated with a trend towards more stable anchorage zones. To detect
morphological changes of the anchoring zones, it is suggested that performance of MSCT follow up after
endovascular aneurysm repair is justiﬁable at deﬁned intervals even in endoleak free patients with stable and
decreasing sac diameters.Objectives: The aim was to compare multidirectional stent graft movement in patients with and without a type 2
endoleak.
Methods: This was a retrospective case control study of patients being followed up after elective endovascular
aneurysm repair of abdominal aortic aneurysms. The post-procedural and ﬁnal follow up multislice computed
tomography (MSCT) of 69 patients with and 74 without a type 2 endoleak were analyzed. Three dimensional (3D)
surface models of the stent graft, delimited by landmarks using custom built software, were derived from these
MSCT data. The stent graft was segmented in different zones, and the proportion of the total stent graft surface
moving >9 mm between the post-procedural and the ﬁnal follow up MSCT was calculated, given in percentages,
and compared between groups. Changes of infrarenal neck, renal artery to stent graft distance, and freedom
from stent graft related endoleaks were evaluated.
Results: Overall surface movement was higher in the no endoleak (18.8%, IQR 0.1e45.1%) than in the type 2
endoleak group (5.3%, IQR 0e29.7%; p ¼ .06). Furthermore, signiﬁcantly higher surface movement in the no
endoleak group was found in the proximal anchoring zone (p ¼ .04) and the distal left limb (p ¼ .01), which was
the modular limb in 81.1% (p < .01). Neck diameter increase (1.0 mm, IQR 0e3.0 mm; p < .01) and renal artery
to stent graft distance difference (0 mm, IQR 0e3.3 mm; p < .01) were signiﬁcantly higher in the no endoleak
group. Five patients in the no endoleak and one patient in the type 2 endoleak group suffered from a stent graft
related endoleak (p ¼ .27).
Conclusions: The presence of a type 2 endoleak is associated with decreased surface movement of the proximal
anchoring zone and the distal modular limb of bifurcated stent grafts.
 2015 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Stent graft migration has a reported prevalence ranging
from 3% to 28%.1e4 It is responsible for a large part of the
late complications after endovascular aneurysm repair
(EVAR), including late stent graft related endoleaks that
result in aneurysm sac enlargement, and even rupture.5e8rresponding author. Währinger Gürtel 18e20, Ae1090, Vienna,
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//dx.doi.org/10.1016/j.ejvs.2015.03.031For stent graft migration, different mechanical mecha-
nisms have been described during the last few years. Two
different working groups reported that pulsatile forces of
blood ﬂow, referred to as migration forces, displacement
forces, or drag forces, are responsible for the longitudinal
movement of the stent graft.9,10 Raﬁi et al.11 focused on the
lateral movement of the stent graft, and reported a signif-
icantly higher longitudinal migration in patients with a
mean 9 mm of lateral deﬂection. Furthermore, this patient
group presented with a signiﬁcantly higher rate of type 1
endoleaks and the need for secondary interventions. In
addition to these described transverse and longitudinal
motions, Figueroa et al.9 demonstrated signiﬁcant
182 R. Nolz et al.movements of the stent graft in all three spatial directions.
Owing to higher pressurization of the aneurysm sac, as
described by different working groups,12e14 type 2 endo-
leaks might be a parameter that could inﬂuence displace-
ment forces.15
The primary aim of this study was to evaluate potential
differences in stent graft movement in three dimensions in
patients with and without a type 2 endoleak. Consistently,
the inﬂuence of stent graft surface movement on
morphological parameters (i.e. neck diameter changes,
renal artery to stent graft distance), and late stent graft
related endoleaks was evaluated.METHODS
Study design
This was a retrospective case control study of patients being
followed up after elective EVAR for abdominal aortic
aneurysm (AAA). The institutional review board approved
the study protocol, and waived written, informed consent.Study population
The institutional database was screened for patients who
met the following inclusion criteria: (a) elective endovas-
cular AAA repair with a second or third generation bifur-
cated stent graft; (b) availability of a standardized multislice
computed tomography (MSCT) angiogram pre-intervention
and within one week post-procedure, and after a time in-
terval of at least 6 months. There were 215 patients who
met the inclusion criteria. Patients with stent graft related
endoleaks (n ¼ 33), the presence of limb stenosis (n ¼ 7),
and type 2 endoleaks causing continuous aneurysm sac
enlargement that necessitated secondary intervention
(n ¼ 2) were excluded. An additional 30 patients were
excluded due to insufﬁcient image quality that rendered
image processing impossible. This left 143 patients (129
men) with a mean age of 73.6  7.9 years for ﬁnal analysis.
In order to obtain a three dimensional model of the stent
graft surface, the Digital Imaging and Communications in
Medicine (DICOM) volumetric data of the arterial phase
MSCT images were downloaded to a standard personal
computer (Xeon X5650 processor; Intel, Santa Clara, CA,
USA) with 2.66 GHz, and 75 GB RAM. Image processing
steps are illustrated in Fig. 1AeE. Four reference points
were manually placed at the following levels: covered stent
graft body cranially, distal ends of stent graft limbs, and at
the ﬂow diverter. Automatically deﬁned regions of interest
(ROI) around these reference points were used to gain in-
formation about the CT density of the vessel lumen and for
calculation of an intensity model. This model provided an
appropriate threshold for approximate binary segmentation
of the stented part of the vessel. The centerline was deﬁned
as the longitudinal axis of each limb of the stent graft and
was estimated by skeletonization16 and subsequent inter-
polation (spline ﬁtting process). As the next step, multi-level
cut planes were applied orthogonally on the centerline.
These cut planes were used to estimate the diameter of thestent graft by Hough transformation,17 resulting in a 3D
surface model of the stent graft. Prior to quantitative
measurement of stent graft movement between the post-
procedural and ﬁnal follow up MSCT scan of each patient,
the two scans had to be aligned. This was achieved by
automated segmentation and rigid alignment of the imaged
bone structures. Displacement of the aorta relative to the
skeleton of the patient was accounted for by matching
manually annotated branching points of the renal arteries.
Movements of the stent graft between examinations were
estimated by matching the corresponding surface models
using a non-rigidly constrained Iterative Closest Point
method.18 Consequently, the software calculated a vector
for each point of the stent graft surface, describing the
surface movement between the post-procedural and ﬁnal
follow up MSCT, which was given in millimeters.
Measurements and deﬁnitions
Raﬁi et al.11 observed a mean lateral stent graft movement
of 9 mm, which was deﬁned as the threshold value in this
analysis. For analysis, the proportion of the total stent graft
surface, moving more than 9 mm between the post-
procedural and the ﬁnal follow up MSCT was calculated,
and given as a percentage. To assess the surface movement
in different zones, the stent graft was segmented as shown
in Fig. 2. Zone 1 was deﬁned as the proximal 3 cm of the
covered stent graft, followed by Zone 2 extending to the
ﬂow diverter. Zone 3 included the distance from the ﬂow
diverter down to the beginning of the last 4 cm of the limb
on each side. Zone 4 was deﬁned as the distal 4 cm of the
right (4R) and the left (4L) stent graft limb.
In both pre- and post-interventional MSCT scans, the
aneurysm sac diameter, the maximum diameter of the
proximal and distal anchoring zones, the neck length, the
renal artery to stent graft distance, and the neck angulation
were measured in accordance with the Society for Vascular
Surgery standards for EVAR.19 The oversizing factor of the
stent grafts was calculated, and the stent graft ﬁxation level
was noted. In addition, changes in neck diameters and renal
artery to stent graft distance and presence, and time in-
tervals to stent graft related endoleaks were noted.
The study population was divided with respect to the
presence or absence of a type 2 endoleak. The type 2
endoleak group was sub-categorized into patients with a
transient or a persistent type 2 endoleak. Type 2 endoleaks
that were identiﬁable on the post-procedural and the ﬁnal
MSCT scans were classiﬁed as persistent; leaks detected
only on one MSCT scan were classiﬁed as transient. Data
collections were compared between deﬁned groups.
Statistical analysis
Normally distributed, continuous data were presented as
the mean  standard deviation and 95% conﬁdence inter-
val. Potential differences between groups were tested using
analysis of variance (ANOVA), or the t test, as appropriate.
Non-normally distributed data, or ordinal variables, were
described by medians and interquartile ranges (IQRs).
Figure 1. Image processing. (A) Manual annotation of reference points and placement of an automatically deﬁned region of interest (ROI)
for the calculation of an intensity model. (B) Illustration of an intensity model, which allows for binary segmentation of the stent graft. (C)
Estimation of the centerline by skeletonization and calculation of a three dimensional (3D) surface model of the stent graft by Hough
transformation. (D) Rigid alignment of the 3D surface models based on bone structures. (E) Matched surface models of the post-procedural
and ﬁnal follow up computed tomography. The initial surface model is illustrated in grey, and the surface movement of the stent graft
between examinations is color encoded.
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Figure 2. Deﬁned zones for the assessment of stent graft surface
movement. Zone 1 is deﬁned as the proximal 3 cm of the covered
stent graft, followed by Zone 2, extending to the ﬂow diverter.
Zone 3 includes the distance from the ﬂow diverter down to the
beginning of the last 4 cm of the limb on each side. Zone 4 is
deﬁned as the distal 4 cm of the right (4R) and the left (4L) stent
graft limb.
184 R. Nolz et al.Possible differences between groups were tested by the
WilcoxoneManneWhitney U test. Dichotomous variables
were described in absolute numbers and percentages, and
possible differences between groups were tested by the chi-
square test or the Fisher exact test, as appropriate. Receiver
operating characteristics analysis with the Youden JTable 1. Patient characteristics.
No type 2 endoleak group (n ¼ 74)
Age, years 73.4  8.1 (95% CI 71.5e75.2) years
BMI 29.7  4.2 (95% CI 27.9e31.5) kg/m2
Sex, female 9 (12.2%)
Renal insufﬁciency,
mild to moderate
25 (33.8%)
Hemodialysis 0
Hypertension 74 (100%)
Hyperuricemia 28 (37.8%)
Hyperlipidemia 61 (82.4%)
History of stroke 11 (14.9%)
PAOD 16 (21.6%)
Stage I 2 (2.7%)
Stage IIa 1 (1.4%)
Stage IIb 9 (12.2%)
Stage III 1 (1.4%)
Stage IV 3 (4.1%)
Atrial ﬁbrillation 12 (16.1%)
Cardiac pacemaker 3 (4.1%)
Coronary disease 40 (54.1%)
History of MCI 30 (40.5%)
DM 19 (25.7%)
IDDM 4 (5.4%)
NIDDM 15 (20.3%)
Smoking 38 (51.4%)
COPD 29 (39.2%)
History of cancer 12 (16.2%)
CI ¼ conﬁdence interval; BMI ¼ body mass index; PAOD ¼ peri
DM ¼ diabetes mellitus; IDDM ¼ insulin dependent diabetes m
COPD ¼ chronic obstructive pulmonary disease.statistics was performed to verify the applied threshold of
9 mm for surface movement. Correlations between neck
diameter changes and surface movement were calculated
with the Pearson correlation coefﬁcient. The KaplaneMeier
life table method was used to determine freedom from
stent graft related endoleaks in deﬁned groups; compari-
sons of survival between groups were analyzed for signiﬁ-
cance using the log-rank test. Odds ratios were calculated to
assess the association between surface movement >9 mm
and stent graft related endoleaks. All tests were two sided;
signiﬁcance was assumed at p < .05. All statistical analyses
were performed using SPSS for Windows (version 20.0; IBM
Corporation, Somers, NY, USA).RESULTS
The type 2 endoleak group consisted of 69 patients with a
median time interval between measurements of 25.2 (IQR
15.1e42.1) months.
Type 2 endoleaks were caused by the lumbar arteries
(n ¼ 49), a combination of lumbar arteries and the inferior
mesenteric artery (n ¼ 11), the accessory renal artery
(n ¼ 1), and the inferior mesenteric artery (n ¼ 8). Seventy-
four (51.8%) patients had no type 2 endoleak at any time,
and the median time interval between measurements was
35.6 (IQR 16.2e55.0) months, yielding no signiﬁcant time
interval difference compared with the type 2 endoleak
group (p ¼ .12). Patient characteristics of the study groupsType 2 endoleak group (n ¼ 69) p
73.8  7.7 (95% CI 71.9e75.6) years .74
26.4  4.2 (95% CI 25.0e27.9) kg/m2 .01
5 (7.2%) .32
22 (31.9%) .06
2 (3.0%) .23
66 (95.7%) .11
21 (30.4%) .35
50 (72.5%) .15
10 (14.5%) .95
13 (18.8%) .68
0 .50
2 (3.0%) .61
8 (11.6%) .92
2 (3.0%) .61
1 (1.5%) .62
12 (17.4%) .85
3 (4.3%) 1.00
36 (52.2%) .82
23 (33.3%) .37
6 (8.7%) .01
0 .12
7 (10.1%) .09
37 (53.6%) .79
32 (46.4%) .39
21 (30.4%) .04
pheral arterial occlusive disease; MCI ¼ myocardial infarction;
ellitus; NIDDM ¼ non insulin dependent diabetes mellitus;
Table 2. Comparison of pre-interventional morphologic data and stent graft ﬁxation.
No type 2 endoleak group (n ¼ 74) Type 2 endoleak group (n ¼ 69) p
Sac diameter 60.8  8.4 mm (95% CI 58.8e62.7 mm) 59.6  9.1 mm (95% CI 57.4e61.8 mm) .43
Neck diameter 24.0  3.7 mm (95% CI 23.2e24.9 mm) 23.5  3.4 mm (95% CI 22.7e24.3 mm) .37
Neck length 31.5  12.5 mm (95% CI 28.6e34.4 mm) 33.7  12.9 mm (95% CI 30.6e36.8 mm) .29
Neck angulation 147.1  23.1 (95% CI 141.8e152.5) 145.5  22.9 (95% CI 140.0e151.0) .67
Suprarenal ﬁxation n ¼ 46 n ¼ 29 .06
Proximal stent graft diameter 28.5  3.4 mm (95% CI 27.7e29.3 mm) 27.9  3.3 mm (95% CI 27.1e28.7 mm) .29
Oversizing proximal 18.4  7.4% (95% CI 16.7e20.1%) 18.1  7.6% (95% CI 16.3e20.0%) .87
Right distal limb diameter 12.5  2.0 mm (95% CI 12.0e12.9 mm) 12.2  2.2 mm (95% CI 11.7e12.8 mm) .60
Left distal limb diameter 12.1  2.4 mm (95% CI 11.5e12.6 mm) 11.8  2.3 mm (95% CI 11.3e12.4 mm) .51
CI ¼ conﬁdence interval.
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presented with a transient and 35 patients with a persistent
type 2 endoleak.
Stent graft ﬁxation was infrarenal in 68 and suprarenal in
75 patients (p ¼ .68). In most patients, the main body was
implanted via right sided access, with a left docking site for
the contralateral limb in 81.1% (p ¼ .01). As demonstrated
in Table 2, the morphologic characteristics of the pre-
interventional data and stent graft ﬁxation showed no sig-
niﬁcant difference between the no type 2 endoleak and the
type 2 endoleak groups.
Validation of the applied threshold of 9 mm for surface
movement revealed an optimal cut off point of 9.4 mm with
an area under the curve of 0.60 (95% CI 0.51e0.69; p ¼ .04;
Fig. 3). There was a clear trend towards a higher surface
movement in the no type 2 endoleak than the type 2
endoleak group (p ¼ .06) and the persistent type 2 endo-
leak subgroup (p ¼ .06), but without statistical signiﬁcance.
Regarding the deﬁned stent graft zones, an increase inFigure 3. Receiver operating characteristic curve for validation of
the threshold for surface movement. Area under the curve is 0.60
(95% CI 0.51e0.69). The optimal cut off point deﬁned as a mean
vector of 9.4 mm, demonstrates sensitivity/speciﬁcity of 59.5%/
68.1%.surface movement from Zone 1 to Zone 4 was observed in
the no type 2 endoleak, as well as in the type 2 endoleak
group (Fig. 4). Furthermore, comparing groups (Table 3), a
signiﬁcant difference was found in Zone 1 between the no
type 2 endoleak and type 2 endoleak group (p ¼ .04), and in
Zone 4L between the no type 2 endoleak and type 2
endoleak group (p ¼ .01) and the no type 2 endoleak group
and the persistent type 2 endoleak sub-group (p < .01).
Overall, neck diameter and renal artery to stent graft
distance were 23.8  3.6 mm (CI 23.2e24.4 mm) and 0 mm
(IQR 0e4.0 mm), respectively, at the post-procedural CT,
and 25.3  4.4 mm (CI 24.5e26.0 mm) and 0 mm (IQR 0e
7.0 mm), respectively, at the ﬁnal CT follow up examination.
Overall, the neck diameter increase was 1.0 mm (IQR 0e
2.0 mm; p < .01) and the renal artery to stent graft distance
difference was 0 mm (IQR 0e1.0 mm; p < .01). The neck
diameter increase was signiﬁcantly (p < .01) higher in the
no endoleak group (1.0 mm, IQR 0e3.0 mm) compared to
the type 2 endoleak group (0 mm, IQR 0e1.0 mm). Corre-
lation between neck diameter change and surface move-
ment in the no endoleak group was weak (r ¼ .253;
p ¼ .03), whereas no signiﬁcant correlation was observed in
the type 2 endoleak group (r ¼ .02, p ¼ .90). When renal
artery to stent graft distance changes were compared, the
no type 2 endoleak group showed a signiﬁcantly higherFigure 4. Surface movement in different stent graft zones.
Table 3. Comparison of stent graft surface movement in different stent graft zones.
Zone No type 2 endoleak
group (n ¼ 74)
Type 2 endoleak
group (n ¼ 69)
p Persistent type 2
endoleak subgroup (n ¼ 35)
Transient type 2
endoleak subgroup (n ¼ 34)
pI pII pIII
Overall 18.8% (IQR 0.1e45.1%) 5.3% (IQR 0e29.7%) .06 4.1% (IQR 0e29.9%) 6.7% (IQR 0.9e31.0%) 006 027 033
Z1 0% (IQR 0e1.5%) 0% (IQR 0e0%) .04 0% (IQR 0e0%) 0% (IQR 0e0%) 009 011 095
Z2 0% (IQR 0e21.3%) 0% (IQR 0e6.0%) .26 0% (IQR 0e5.7%) 0% (IQR 0e7.2%) 035 038 087
Z3R 8.5% (IQR 0e45.1%) 0% (IQR 0e41.6%) .34 0% (IQR 0e42.3%) 2.8% (IQR 0e34.8%) 054 034 085
Z3L 2.7% (IQR 0e40.5%) 4.7% (IQR 0e29.7%) .48 0% (IQR 0e29.3%) 7.1% (IQR 0e34.6%) 032 089 041
Z4R 0.1% (IQR 0e100%) 0% (IQR 0e29.1%) .06 0% (IQR 0e44.8%) 0% (IQR 0e16.3%) 019 009 069
Z4L 24.5% (IQR 0e100%) 0% (IQR 0e35.6%) .01 0% (IQR 0e6.7%) 1.8% (IQR 0e58.6%) 001 022 013
Z ¼ zone, median and IQR; IQR ¼ interquartile range; p ¼ no type 2 endoleak vs. type 2 endoleak group; pI ¼ no type 2 endoleak group vs.
persistent type 2 endoleak subgroup; pII ¼ no type 2 endoleak group vs. transient type 2 endoleak subgroup; pIII ¼ persistent type 2
endoleak vs. transient type 2 endoleak subgroup.
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0e3.3 mm) than the type 2 endoleak group (0 mm, IQR 0e
0 mm; p < .01).
After a median follow up of 28.2 months (IQR 15.8e47.8
months), ﬁve (3.5%) late stent graft related endoleaks were
observed in the no endoleak group and one (0.7%) in the
type 2 endoleak group (p ¼ .27). In the no type 2 endoleak
group, there were three type 1a endoleaks that resulted in
rupture in one case, 45 months after treatment. In this
patient, the stent graft migrated distally by 27 mm, which
was successfully treated by proximal extension using an
aorto-mono-iliac device. The two other type 1a endoleaks
were caused by distension of the neck without migration,
and were treated by implantation of a Palmaz XL stent
(Cordis Corp., Miami Lakes, FL, USA). Furthermore, one
patient had a type 1b endoleak, which was treated by
extension of the iliac limb into the external iliac artery after
coil occlusion of the internal iliac artery. One type 3 endo-
leak, after disconnection of components, was over-stented.
In the type 2 endoleak group, one type 1b endoleak
occurred, which was successfully treated by extension of
the iliac limb.
Stent graft surface movement in patients with a stent
graft related endoleak (n ¼ 6) was 31.7% (IQR 18.0e60.3%),
which was signiﬁcantly higher (p ¼ .045) than those
without 9.2% (IQR 0e34.1%). Additionally, the odds ratio ofFigure 5. Freedom from stent graft related endoleak in patients
with and without a type 2 endoleak.developing a stent graft-related endoleak was 2.1 times
greater for patients with a surface movement >9 mm than
for those without (95% CI .2e18.9).
Cumulative freedom from stent graft related endoleak
(Fig. 5) after 1, 3, and 5 years was 98.6%, 96.5%, and 86.1%
for the no type 2 endoleak, and 100%, 100%, and 90.9% for
the type 2 endoleak groups, respectively (p ¼ .27).
DISCUSSION
It is currently well recognized that type 2 endoleaks pres-
surize the aneurysm sac non-uniformly.12e14 Different au-
thors have highlighted a relationship between sac pressure
and pulsatile forces, which might have an impact on stent
graft motion. Investigational in vivo and in vitro studies
have observed that pressure in the aneurysm sac reduces
the displacement forces on the stent graft.20,21
Comparing stent graft surface movement between the no
type 2 endoleak and type 2 endoleak group, this study
showed an overall clear trend towards decreased move-
ment in the type 2 endoleak group. As a possible expla-
nation for these ﬁndings it is suggested that the presence of
a type 2 endoleak, which is known to be associated with
increased sac pressure, may stabilize the stent graft. This
hypothesis is supported by an experimental study by
Knowles et al.,15 who measured the forces that were
needed to initiate stent graft migration in an ex vivo model.
They found that the stent graft anchorage was more stable
in the presence of a type 2 endoleak and concluded that the
increased sac pressure stabilizes the stent graft. The
resulting more stable proximal anchorage may also
decrease proximal neck dilation and renal artery to stent
graft distance increase, as reported previously.4,22 Several
reports have focused on proximal aneurysm neck changes,
and, in these studies, stent graft migration was measured in
a one-directional, longitudinal dimension.4,22,23 As an
extension of these measurements, in recent studies, stent
graft movement in all three spatial directions was explored,
which might have an inﬂuence on stent graft migra-
tion.9,11,24 Raﬁi et al.11 showed that, with a mean lateral
stent graft movement of 9 mm, the rate of type 1 endoleaks
was signiﬁcantly higher than in patients without lateral
movement. The authors assumed that these results repre-
sented a clinically relevant predictor of late adverse events.
In this study group, a signiﬁcantly higher surface movement
Stent-graft movement in type 2 endoleaks 187was observed in Zone 1 and Zone 4L in the no type 2
endoleak group than in the type 2 endoleak group. As a
concomitant ﬁnding, in Zone 1 of the no type 2 endoleak
group, a signiﬁcantly higher proximal neck diameter in-
crease was observed. In addition, the renal artery to stent
graft distance increased signiﬁcantly in the no type 2
endoleak group. As reported by different authors, signiﬁ-
cant dilation of the neck diameter can lead to complete loss
of the anchoring zone and to migration.2,22,25
The results lead to the suspicion that dilation of the
proximal neck depends not only on anatomical factors and
the natural evolution of the aneurysmal disease, as stated
by Pintoux et al.,26 but is also related to stent graft move-
ment. Based on the available evidence,27e32 type 2 endo-
leaks are not prone to lead to major adverse events,
especially to rupture. It is generally accepted that type 2
endoleaks, which do not lead to a remarkable aneurysm sac
increase, should be managed conservatively.27,31
This approach might be endorsed by the ﬁndings that less
surface movement in the type 2 endoleak group may ad-
vantageously affect changes of the neck diameter and renal
artery to stent graft distance.
In addition to the proximal anchoring zone, different au-
thors have identiﬁed the docking area of the stent graft limb
as a vulnerable region.33e35 Krämer et al.,35 comparing
changes in limb angles, described a marked increase in the
lateral angle in the modular graft limb at 24 months. These
authors concluded that the inserted limb seems to be
exposed to the highest mechanical stress. In the study group
here, the modular limb was predominantly on the left side,
and, therefore, it is surmised that the remarkably signiﬁcant
difference in surface movement in Zone 4L can be explained
by the higher mechanical load on the inserted limb.
At follow up, ﬁve stent graft-related endoleaks were
observed in the no type 2 endoleak group, one of which
was in a patient who was diagnosed at the time of rupture.
Only one patient in the type 2 endoleak group suffered
from a stent graft related endoleak, but a signiﬁcant dif-
ference in freedom from stent graft related endoleak was
not found between groups. Overall, at mid-term follow up,
the observed stent graft related endoleak rate of 4.2% is in
accordance with reported incidences of 2.1e13.8%.4,26,36Limitations
Admittedly, this study is limited by its retrospective nature.
Comparing the post-procedural and the ﬁnal MSCT follow
up resulted in a heterogeneous time interval for measure-
ments, ranging from 6 months up to 10 years, but without a
signiﬁcant difference between compared groups. Owing to
this heterogeneous time interval and the one time com-
parison, the study design does not allow a conclusion about
the time point for the occurrence of differences, nor the
progression over time of stent graft movement. Further-
more, groups included stent grafts with supra- as well as
infrarenal ﬁxation. A trend towards type 2 endoleak free
status was observed in patients with suprarenal ﬁxation,
but without statistical signiﬁcance.CONCLUSION
The presence of a type 2 endoleak is associated with
decreased surface movement of the proximal anchoring
zone and the distal modular limb of bifurcated stent grafts.
The clinical impact of this observation has to be
addressed in future studies, but may potentially reﬁne post-
procedural surveillance.
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